convection in a vast tropical domain using simulation data by a global cloud-system 9 resolving model (GCRM). Figure 1 shows the probability density function (PDF) of w_max in the case A. To 11 investigate vertical motion associated with heavy precipitation, w_max is classified by 12 the pr_sfc. The precipitation rate for the top 1% (10%) cumulative probability is 46 (7) 13 mm h -1 (Fig. 1c) . In the case R and RS, these rates are 50 (6.5) and 43 (5.8) mm h -1 , 14 respectively (not shown). The PDF of w_max has approximately log-normal distributions 15 for all categories, consistent with oceanic observations of convective updrafts (LeMone 16 and Zipser 1980). The mean and standard deviations of w_max for the columns with the 17 top 1% and 1-10% of pr_sfc and all the precipitating columns are (0.63, 0.23), (0.06, 18 0.28), and (−0.53, 0.44) in logarithm (Fig. 1a) , leading to peak frequencies of w_max at 1 approximately 3, 1, and 0.3 m s -1 , respectively. The slopes of probability for the columns 2 with the top 1% of pr_sfc and for all the precipitating columns are nearly parallel in the 3 upper ranges of w_max (Fig. 1b) , which indicate that these vigorous updrafts are 4 exclusively associated with the top few percentages of intense precipitation events. 5 Figure 2a presents average profiles of vertical velocity in the columns with the top 1% 6 and 1-10% of pr_sfc and all the precipitating columns for the three simulation cases. 7
Results 10
Peak magnitudes of upward motion in the columns with the top 1% of pr_sfc are 5-7 8 times larger than those for the top 1-10%. The heights of the peak velocity are in the 9 middle troposphere (z = 4-6 km) for the top 1% and higher than those for the top 1-10% 10 (z = 2-3 km). Thermodynamic conditions in the columns with heavy precipitation are 11 more humid below z = 12 km and warmer in z = 2-14 km than those averaged over all the 12 precipitating columns (Fig. 2b, c) , indicating stronger latent heat release in the deep 13 troposphere in these columns. Figure 2d shows the average profiles of zonal wind, which 14 was dominant in the equatorial regions in the three experiments. In the case A, the vertical 15 shear of zonal wind in the columns with heavy precipitation is weaker than that averaged 16 over all the precipitating columns ( indicating precipitation production by upward motion around the PTH (Fig. 3a-c ). In the 7 frequency distributions for precipitating columns with w_max > 1 m s -1 and the columns 8 with heavy surface precipitation, in contrast, w_max height is generally lower than the 9 PTH ( Fig. 3d-l) , indicating the occurrence of w_max in organized convection with 10 precipitating condensates already formed above (e.g., Fig. 12 of NS10). The height 11 ranges of peak occurrence differ between the columns with the top 1% and 1-10% of 12 pr_sfc in all the simulation cases. For the top 1% (1-10%), maximum occurrences of 13 w_max height are found at z = 4-6 (1-4) km with the PTH a few kilometers above that 14 ( Fig. 3g-l) . The probability distributions for the columns with w_max > 1 m s -1 (Fig.  15 3d-f) include double peaks. The peaks in the lower troposphere nearly coincide with 16 those of the top 1-10% of pr_sfc columns (Fig. 3j-l) . Such correspondence is not found in 17 the upper troposphere, suggesting that updrafts (w_max > 1 m s -1 ) in the upper 18 troposphere are not necessarily associated with heavy surface precipitation. 1
Temporal variation of the vertical motion and thermodynamic conditions in the 2 columns with heavy precipitation is investigated using the six-level 10-min interval 3 outputs of the case A. Maximum pr_sfc during the 3-h period are calculated in each 4 column, and columns with maximum pr_sfc > 46 mm h -1 (7 mm h -1 < pr_sfc < 46 mm h -1 ) 5 are defined here as the "top 1% (1-10%) pr_sfc columns." Composite analyses for the 6 pr_sfc categories are presented in Fig. 4 , where the base time is equivalent to the time of 7 maximum pr_sfc for each column. 8
In the top 1% (1-10%) pr_sfc columns, updraft cores are found at z = 5 (2) km at the 9 time of maximum pr_sfc (Fig. 4a, b) . Clouds (total condensates ≥ 0.2 x 10 -3 kg kg -1 ) are 10 generated in the lower troposphere 2 (1) h prior to the peak pr_sfc, grow into the upper 11 troposphere producing heavy precipitation (Fig. 4e) , and remain suspended for more than 12 3 h. In both columns, transport of moisture from the boundary layer to the middle 13 troposphere is obvious (Fig. 4c, d) . The moistening and diabatic warming reach higher 14 levels in the top 1% pr_sfc columns than in the top 1-10% pr_sfc columns. The top 1% 15 pr_sfc columns are in a relatively moist environment with upward motion throughout the 16 troposphere even after termination of precipitation (downward motion is formed in a thin 17 layer near the surface). In the top 1-10% pr_sfc columns, moistening in the lower 18
In this study, the statistical properties of vertical motion and thermodynamic 3 conditions in columns with heavy precipitation are investigated using a global 3.5-km 4 mesh aquaplanet experiment dataset (case A). Maximum vertical motion (w_max) in the 5 top 1% and 1-10 % of intense surface precipitation (pr_sfc) is examined in a manner 6 similar to that described in NS10. The same analyses for realistic simulations using the updrafts (e.g., top 1-10% pr_sfc columns) are also suggested. 10
Besides the similarity among the three simulation cases in the major points described 11 above, differences are also noted in the mean profiles of temperature, moisture, and 12 vertical motion. The results suggest significant impact of different cloud microphysical 13 schemes. For example, temperature minimum in the middle troposphere (z = 4-6 km) 14 associated with the melting process is formed in the case RS using the NSW6 scheme; 15 this process was not considered in the G98 scheme. In the case RS, frequencies of w_max This preliminary study will be followed by further investigations 9 using global simulation with the NSW6 scheme and sufficiently fine mesh sizes. 10
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